Human astroviruses (HAst) were identified in diarrhoeal stools by electron microscopy (7) and were named for the star-shaped motif visible on the surface of the particles (8) .
Astroviruses are now associated with gastroenteritis in both animals and humans (3) . Human fecal astroviruses could only be grown in continuous cell cultures following six cycles of blind passage in primary human embryo kidney (HEK) cells. No cytopathic effects were seen until the sixth passage. Viruses so isolated could grow in a continuous cell line (LLC-MK2). However they could not replicate in other kidney cells such as Vero cells (5) . Cell culture-adapted prototype strains of the five serotypes of human astrovirus were isolated by this method (2); we will refer to such prototype viruses as HAst-lp through HAst-5p. These isolates are host range mutants and have been used for most astrovirus experimentation. Recently, human fecal astroviruses were cultured directly in a continuous cell line (CaCo-2) derived from a human colonic carcinoma (13) . This removed the requirement for blind-passage adaptation.
Sequence information is now available from two prototype human astroviruses adapted to growth in LLC-MK2 cells as described above: a serotype 1 (HAst-lp [9] ) astrovirus and a serotype 2 (HAst-2p [1] ) astrovirus; and also from a serotype 1 astrovirus isolated in CaCo-2 cells (HAst-1 A2/88 [11] (1, 6, 11) . The remaining ORF at the 3' end (ORF 2) encodes the structural proteins and is expressed via a subgenomic RNA (10, 12 (4) . This material, removed by a single passage in the human gut from the progenitor of HAst-1p, was available and was used in this study. We have termed this volunteer's sample HAst-1V. Each sample was inoculated onto CaCo-2 cells, and RNA was isolated as described previously (13) . Primers selected for the reverse transcription-PCR were 5'-GTAAGATTCCCAGATTGGT-3' for the reverse transcription primer and 5'-CCTGCCCCGAGAACAACCAAG-3' for the positive primer. In each case, total cellular RNA was reverse transcribed and amplified by PCR using Taq DNA polymerase (Boehringer Mannheim). Forty cycles of amplification were performed as follows: 94°C, 30 s; 55°C, 30 s; and 72°C, 30 s. The reaction products were sized on 2% agarose-Trisborate-EDTA gels, and PCR products were sequenced directly.
The PCR products obtained from the sequenced viruses were as expected. In each case, PCR products derived from viruses isolated in CaCo-2 cells were larger than those of prototype strains by approximately 50 bases. All PCR products were sequenced, and the predicted translation products from these and from published sequences are aligned in Fig. 1 .
All products from the three new prototype viruses (serotypes 3, 4, and 5) had the same in-frame deletion of 45 bases as the two prototype viruses already sequenced (serotypes 1 and 2). Furthermore, this deletion was absent from HAst-1V derived from the progenitor of the serotype 1 prototype virus. Thus the presence or absence of these 15 amino acids cannot be accounted for by strain differences between the isolates, and the deletion is likely to be a product of the cell adaptation process. This is also supported by the results obtained from serotype 4 virus. Again only the prototype strain, adapted to growth in human embryo cells, showed this deletion. viruses, isolated and passaged up to 10 times in CaCo-2 cells, retained these 15 codons. Since astroviruses are unable to grow in LLC-MK2 cells without prior passage through HEK cells, and since CaCo-2 cell-grown virus which lacks this deletion also fails to grow in LLC-MK2 cells, it seems likely that growth in HEK cells has resulted in the loss of these amino acids and acquisition of the ability to grow in LLC-MK2 cells.
The deletion removes amino acids from a partially repetitious region leaving only a single copy of each of the repeated sequences EQQVVK and KPQ (Fig. 1 ). This part of the nonstructural protein is of unknown function and is located towards the 3' end of ORF la some 100 amino acids before the frameshifting sequence at the end of this ORF where some 90% of proteins are terminated. ORF la also encodes the viral protease and, closer to the deletion region, a nuclear targeting motif. Thus, the deletion may affect a protein transported to the nucleus; any such transport would suggest interaction with host cell machinery, and adaptative deletion may be required to improve the efficiency of this process.
